Abstract
lower potential detection of DA in its sub micromolar levels. The composite modified electrode 23 has been used for the detection of DA in biological samples such as human serum and urine 24 samples. The GR-CS composite modified electrode shows 6 folds enhanced oxidation peak current 25 response with low potential for the detection of DA than that of electrodes modified with bare, GR 26 and CS discretely. Under optimum conditions, the fabricated GR-CS composite modified electrode 27 shows the DPV response of DA in the linear response ranging from 0.03 to 20.06 µM. The 28 detection limit and sensitivity of the sensor was estimated as 0.0045 µM and 6.06 µA µM -1 cm -2 .
Introduction

32
Over the past few decades, the development of biosensors and chemical sensors for the detection 
48
In electrochemical DA sensors, the unmodified electrodes such as glassy carbon, graphite 
Preparation of GR-CS composite
108
To prepare the CS-GR composite, first 15 mg of CS was dissolved in 3 mL of 2.5% acetic acid 109 with the aid of ultra-sonication. Then, 10 mg GR (2:3 w/w, optimum) was added to the CS solution 
Fig. 1 SEM images of (A) pristine GR, B) CS and CS-GR (C). D) FT-IR spectra of CS (a), GR (b)
125 and GR-CS (c).
126
The surface morphology of GR, CS and GR-CS composite was characterized by SEM. V lower than that of GR, bare and CS modified electrodes. Furthermore, the oxidation peak current
172
(Ipa) response of DA at GR-CS composite electrode was 4.2, 3.7 and 2.7 folds higher than the 173 response observed in GR, bare and CS modified electrodes (Fig. 3A inset) . The result indicates 174 that GR-CS composite modified electrode has high electrocatalytic activity towards DA than that 175 of other modified electrodes. S1A-C. It can be seen from Fig. S1A and B that the high sensitivity of DA was observed for 2 and 211 3 wt% of GR and CS containing GR-CS composite. We have used GR and CS loading as 2 and 3 212 wt% for optimize the GR and CS. Hence, the 2 and 3 wt% of GR and CS was used for the 213 preparation of GR-CS composite. In the same manner, 9 µL drop coated GR-CS composite 214 modified electrode showed a maximum current response for DA than that of other drop coated 215 electrodes (Fig. S1C) . Hence, 9 µL drop coated GR-CS composite modified electrode was used as 216 an optimum quantity for further electrochemical investigations. 
Effect of scan rate and pH
218
The effect of scan rate on the electrochemical behaviour of 50 µM DA was investigated in PBS by Ipa. C) Linear plot of square root of scan rate vs. Ipa.
226
Furthermore, Ipa and Ipc had exhibited a linear relationship with a scan rate from 10 to 300 227 mV s −1 (Fig. 4B) , which indicates that the electrochemical behaviour of DA is controlled by a 228 15 typical adsorption-controlled process. However, the (Ipa) and (Ipc) are linearly proportional to the 229 square root of the scan rates from the scan rates from 120 to 300 mV s −1 (Fig. 4C) , indicating that 230 electrochemical behaviour of DA is a diffusion controlled process at higher scan rates. The above 231 result confirms that the electrochemical behaviour of DA at GR-CS composite modified electrode 232 is controlled by a mixed kinetic process.
233
The electrochemical redox behaviour of 75 µM DA was investigated using the GR-CS 234 composite modified electrode in different pH solutions by CV. Fig. S2A shows the CV response 235 of GR-CS composite modified electrode in different pH solutions (pH 3, 5, 7, 9 and 11) containing The sensitivity of the developed sensor was estimated to be 6.06 µAµM -1 cm -2 based on the Table. S2. The Table ST3 .
304
The GR-CS composite modified electrode showed the average recovery of DA about 98.3 and 
Conclusions
319
We have reported a simple and reliable DA sensor using the GR-CS composite modified 
